This study was undertaken because of the apparent desirability of having at our command methods of reproducing as nearly as possible in experiment the conditions that prevail in chronic pulmonary tuberculosis.
Chronic pulmonary tuberculosis presents a complex picture, the result of the interaction of a number of factors. Important among them are, first, ~the severity of the infection as represented by the number ,and possibly also the virulence of the bacilli gaining entrance to the lungs; second, the resistance of the individual to infection as manifested in the reaction to the primary contagion and as modified during the course of the disease either by the specific reactions of immunity and hypersusceptibility or by physiological changes not directly associated with the disease; and third, the complication with other diseases and infections, particularly the direct secondary infection of ~the affected lung tissue.
Thus far we have been no more successful than our predecessors in so combining the various factors under controlled conditions as to reproduce chronic pulmonary tuberculosis with all its characteristic features. Nevertheless these factors, .or some of them, are of decisive influence on the result of any experimental production of tuberculosis, and the fact that we have failed so far to reproduce in ch,aracteristic form the complete picture cannot lead to the conclusion that it would not be possible to do so by altering the conditions of the experiment.
We have, in the .course of work to be des,cri,bed, reproduced almost exactly a certain rare form of tuberculosis of the lungs, acute tuberculous lobar pneumonia, and on this account we feel that the experiments are worthy of brief description. This is especially so in view of the fact that we have cl,osely followed the technique by the use of whkh Lamar and Meltzer (I) succeeded in producing an acute lobar pneumonia with the pneurnococcus, and with which Wollstein and Meltzer (2) later produced lobular pneumonia with the streptococcus. Our results may lend further significance to their work.
Assuming that the final result of our experiments would depend in large measure on the balance between the resistance of the dog, commonly classed as highly resistant, and the virulence of the culture, we selected for our work a culture from human source, but of bovine type, known to be virulent for guinea pigs, rabbits, and cattle. Actively growing cultures between ten days and ,two weeks old were used. The culture was thoroughly emulsified in salt solution by the use of an agate mortar. The small clumps remaining were disregarded. Ten cubic centimeters of salt solution were used for each culture ,tube, the culture mass weighing approximately IOO milligrams. In most of the experiments ten ,cubic centimeters of the emulsion were administered. In a few instances one cubic centimeter was given further diluted with nine cubic centimeters of salt solu~ti.on.
The mode of administration was as follows : The dog, etherized to the point of complete relaxation, was laid on its back. The mouth was opened and the epiglottis brought forward until the orifice of the larynx was plainly visible. A medium sized soft catheter was then inserted into the larynx and pushed on through the trachea until it was judged that the opening was below the bifurcation. The catheter was then quickly attached to the syringe containing the emulsion and this was injected slowly. The catheter was quickly removed and the animal was allowed to turn on its right side. During removal from the table to the floor the animal was kept on its right side with the head somewhat higher -than the tail. Recovery from the procedure was always prompt and unaccompanied by cough or other symptoms of distress.
It may be said here that at autopsy it was found that in all instances the inoculation had been made chiefly into the right caudal lobe. In most instances there was a considerable diffuse consolidation of the right middle lobe and some focal involvement of other lobes, particularly the left caudal lobe.
Following the injection the animals show no marked changes for five days. In from six to. nine days they begin to cough. The cough, at first occasional, gradually becomes frequent and severe. At about the same time the animal begins to lose weight .and condition. The loss of weight is progressive and at the time of death it amounted frequently to ,one third, and has sometimes been nearly one half of the original weight.
Percussion and auscultation show a well defined progressive consolidation beginning with indefinite signs about the time of the cough and becoming pronounced a few days later. It is perfectly possible to follow the course of the lung lesion by clinical methods. bt~t 'the conditions do not permit of the accurate observations attained by Opie (3) in his study .of the pleural exudates in the dog.
The temperature of some animals has been taken throughout the course of the infection and in others at irregular intervals. No fever has at any time. been noted.
In only one ,case has there been any complication. One animal in a severe fit of coughing caused a pin point rupture in a healthy portion of the lung, developing a pneumothorax. This wa.s at first unilateral but became bilateral a few hours later and the animal died. Most of ,the animals in the series died or were killed when moribund. A small number were killed in the earlier periods of the experiment in order to follow the course of development of the lesion.
POST-MORTEM EXAMINATIONS.
On gross examination at autopsy, there was always found a consolidation of the lung varying in extent and character with the length of time the animal had survived the inoculation and the amount of culture administered.
In the usual case the consolidation was found most pronounced in the right caudal lobe. Where the larger amounts of culture were given, this lobe was completely or almost completely pneumonic. The consolidation varied somewhat in color and consistency. In the earlier cases (before the fourteenth day) whether the animal died or was killed the color was reddish gray. Later it was gray, yellowish gray, yellow, and in one late instance almost white. The tissue was firm, quite dry, and very little material could be scraped off with light pressure on the knife. In 'the later stages there was a tendency for the tissue to soften in spots, and in those cases examined between the seventeenth and the twenty-fourth days the softened matter had frequently been discharged through a bronchus, leaving a cavity.
The cavities were variable in distribution and shape. Sometimes they were large and single. In other instances they were small, irregular, and connected to form ramifying excavations throughout the lobe. In the formation of the cavities the blood vessels were frequently left exposed. No instance .of hemorrhage from this source was noted. There was no tendency towards the forrffation of a membranous wall in connection with the excavations. Figures I and 2 illustrate the types of cavities found.
In the animals examined more than three weeks after infection there was always a miliary tuberculosis of the unconsolidated portion of the lungs, the spleen, the kidneys, and especially of 'the liver.
The pleurae over the consolidated areas were usually somewhat dull. When the cavities approached the pleural surface the pleura was always definitely thickened. In no instance was there a definite pleural exudate.
The earliest microscopic examinations made have been of animals dying or killed ten days after inoculation. The process at this time is entirely exudative in character. The character of the exudation is extremely variable when the alveoli are considered. Alveoli showing the various types of exudation are, however, so intermingled as to make it impossible to consider that the exudation has first affected particular regions and spread to others. The contents of single alveoli are usually predominantly of one order. Many alveoli are filled with fibrin and show very few cells. Others contain predominantly red i)lood corpuscles, while still others show chiefly leucocytes. Of the alveoli showing leucocytes many have chiefly polymorphonuclear .cells, while others show mostly endothelial phagocytic cells. Cells of endothelial type are also" found in large numbers in the smaller blood vessels, particularly in the dilated capillaries of some of the alveolar walls. Cells of this type both in the vessels and in the alveoli are actively proliferating, as evidenced by the presence of numerous karyokinetic figures.
At this period the coments of single alveoli and in a few instances of small groups of alveoli begin to show necrosis. Bacilli are most numerous in the necrotic areas. Small groups of bacilli are found in other areas. While the bacilli are sufficiently numerous to be demonstrated with ease there are probably less a,t this stage than the number originally introduced.
From .the fourteenth to the twentieth day necrosis and caseation become more extensive. The necrosis, .as indicated above, seems always to begin in the exudate. When it becomes well marked the adjoining fixed ,tissues become involved. Cavity formation may occur when the fixed tissues are involved in the necrosis. In this type .of lesion, at least, ,cavity formation occurs by a necrosis extending into the bronchus from the surrounding exudate. No instance of a primarily ulcerated bronchial mucosa has ,been observed. In this period also the visceral pleura becomes ,thickened. The bacilli increase rapidly in number and at the end of the third week are extremely abundant. The .order of the changes described has always been Observed in this series of experiments but the division into periods is arbitrary, as the process varies in its rapidity of progress in different animals. One animal, for example, dying twenty-two days after inoculation, showed the microscopic picture described for ,those dying or killed about the tenth day.
The cavities that are formed correspond in some particulars to the cavity of chronic tuberculosis. Particularly the blood vessels show a considerable resistance to ulceration and remain intact, exposed in the .cavity. In other particulars correspondence is entirely lacking. The wall of 'the cavity is composed of a necrotic exudate which differs very little microscopically from the detached contents. Macroseopically the exudate in the cavity is moist while that of the wall is relatively dry.
After the twentieth day in most cases there are some evidences of a reparative process. The special s,tains for connective tissue begin to bring out loci of its formation. The arrangement of the newly formed connective tissue is, however, without order,--especially it has no definite relation to the walls of the cavities. As a reparative process the connective tissue formation is entirely inefficient throughout the period of these experiments.
BACTERIOLOGY.
The rapid increase in the number of ,tubercle bacilli in the later periods of the experiment has been noted. Cultures have been made and sections examined for other bacteria. As a rule, none have been found. It is especially important that even in most instances of open cavity formation ,the cavities contained only the tubercle bacillus. In the few instances noted where secondary infecti,on was observed ?t could not be shown that the character of the process had been in any way influenced thereby.
DISCUSSION AND CONCLUSIONS.
It is obvious, as stated in the beginning, that these experiments have failed to reproduce a chronic pulmonary tuberculosis. Acute pneumonic processes of tubercular origin are, however, not infrequent as a complicating or terminal process in pulmonary phthisis, and there have been several cases described in which individuals have died with the symptom complex of acute lobar pneumonia, in which it developed at post-mortem examination that the disease was tuberculosis. Our experiments ,throw some light on debated questions in connection with these acute pneumonic forms of phthisis. Orth (4) argues for a distinctively exudative form of tuberculosis as contrasted with the productive form which leads to tubercle formation. He lays especial stress in this connection on the presence of a fibrinous exudate in alveoli with normal walls. He netes that red blood corpuscles and white cells are frequently associated with the fibrin. The white cells usually predominate. These fibrinous masses usually contain tubercle bacilli and they tend to become caseous from the center. Associated alveoli are found, filled with endothelial or epithelial cells. Orth believes, in opposition to yon Buhl and Baumgarten, that the evidence that these are desquamated epithelial cells is scanty and thinks that they are more apt, in part at least, to come through the blood. Orth does not speak of cavity formation in this connection but considers that this process in its essentials occurs in connection with ordinary chronic tuberculosis and that the exudative process is the destructive one. Etiologically considered, the process is probably due to the sudden access of a large number of bacilli.
Orth speaks of all attempts to reproduce the lesion as having failed or as being imperfect in that fibrinous exudation was not developed and productive lesions usually resulted.
Tendeloo (5) describes a case of acute tuberculous lobar pneumonia and discusses a case previously reported by Fraenkel and Troje (7). Tendeloo believed that his case arose by the discharge of tuberculous material from an old softened focus into a vein. He explains the formation of predominantly exudative lesions in the lungs and other organs, instead of the usual type of miliary tubercle, as being possibly due to the associated presence of necrotizing substances derived from the old focus. Fraenkel and Troje believed their case to be of bronchogenic origin.
In our experiments we believe that we have effectively reproduced this exudative type of tuberculosis of the lungs. This ~ype of lesion may, in the light of our experiments, result from the sudden bronchogenic invasion of large numbers of virulent tubercle bacilli in a relatively resistant animal.
The large mononuclear cells so frequently encountered in the exudate seem to be brought there chiefly from outside) As Orth found when studying human material, it is difficult here also, to exclude the possibility that similar cells may result from the desquamation of alveolar epithelium.
The tubercle bacillus alone, without the aid of secondary infection, is competent to produce a type of lesion which leads to necrosis of ehe bronchi, and by discharge of the necrotic material to cavity formation. As judged by our experiments the bronchi are less resistant to involvement in the necrosis than are the blood vessels or pleural surfaces.
The fact that by the method of bronchial insufflation of Lamar and Meltzer a characteristic tuberculous pneumonia may be produced makes it probable that the lobar pneumonias generally are of bronchogenic origin.
1 Since this study was completed, Evans, Winternitz, and Bowman (5), by the application of vital staining methods, have shown that certain cells which are of the same general type morphologically but which are probably of tissue origin (the histogenic wandering cell or pyrrol cell of Goldman) are active in the early stages o£ tubercle formation. As this work is still in progress, we have not attempted to apply these methods to the determination of the type of these cells. On general morphological grounds the mononuclear cells of this exudate resemble the large mononuclear cells of the blood and lymphatic organs more than the tissue cells with which they are concerned.
